Abstract Basella is an important green leafy vegetable species of Chenopodiaceae family and is known for its medicinal properties. Hydroxy-benzoic acids, hydroxycinnamic acids and flavones groups were identified and characterized from the aqueous stem extracts of B. alba and B. rubra species. Higher values of phenolics as well as antioxidant activity were noted from B. alba species extracts. The evaluation of the cytoxicity of these extracts on A431 (epidermoid carcinoma), Hep G2 (hepatocellular carcinoma) and MG 63 (osteosarcoma) cells indicated antiproliferative activity against all the cell lines. B. alba extract showed higher anti-proliferative activity (37.95-84.86%). Chick embryo chorioallantoic membrane (CAM) assay revealed inhibition of neo-vessels formation. Significant suppression was found with extracts of B. alba at 7 mg/ml compared to that of B. rubra. This is the first study to report the anti-angiogenic activity of Basella species. These studies indicate that Basella sps can be used as a source of natural antioxidants and can be of high significance in pharmaceutical and nutraceutical industries.
Introduction
The mechanism of correlating improved health to consumption of vegetables has become evident in the past decade due to the significant amount of research carried out in the fruits and vegetable species (Gupta and Prakash 2009) . Green leafy vegetables (GLVs) are rich sources of many nutrients and antioxidant compounds and thus constitute a major category of vegetable groups which are designated as 'nature's anti-aging wonders' (Gupta and Prakash 2009 ). The potential health benefits of GLVs are due to the presence of dietary fibers vitamins, minerals, essential amino acids and phytochemicals, such as polyphenols, phenolic acids, flavonoids, sterols, carotenoids and tannins responsible for their high antioxidant nature (Karam et al. 2016) . Phenolics and flavonoids constitute a large group of structurally and functionally diverse compounds. They are known to be triggered in abiotic and biotic stress response in plants (Padmavati et al. 1998; Padmavati and Reddy 1999) . They occur naturally as whole food and play crucial role in any well-balanced diet with high nutritional value (Kumar 2017) . GLVs are widely consumed as a part of regular diet in Asia.
Basella is an important leafy vegetable species and recognized as a medicinal plant. Basella alba and Basella rubra have been used in traditional medicine system in India for several years and widely consumed leafy vegetable in India (Kumar et al. 2015a, b, c) . B. alba leaves are used in Ayurveda system of medicine as soothing agents, laxative, demulcent, astringent and the cooked roots are used in the treatment of diarrhoea (Kumar et al. 2013 ). The tender stem of both the species contains gelatinous or mucilaginous substances (Kumar et al. 2016) . In-vitro assays, preclinical and clinical studies have shown that Basella exhibits antibacterial, anti-hyperglycemic, anti-inflammatory, cytotoxic and anti-proliferative activity (Priya et al. 2015; Kumar et al. 2015a, b, c; Kilari et al. 2016) . These pharmacological properties of Basella species may be ascribed to several phenolic substances. Despite such potent bioactivities, the phytochemicals in these plant species remain to be comprehensively characterized, and their biological properties are to be explored to the full extent. Only limited studies are available with reference to Basella sps. To this end, characterization of the phenolic constituents present in Basella and activity testing was done. The cytotoxic and anti-angiogenic activity of the stem extracts was tested. The findings of this study are an important contribution to the evaluation of Basella species for their potential use mainly in pharmaceutical and food industries.
Materials and methods

Chemicals and reagents
Querectin, Kaempferol, Myricetin, Luteolin, Naringenin, trans-Cinnamic acid, p-Coumaric acid, Caffeic acid, Ferulic acid Gallic acid, Protocatechuic acid and Vanillic acid standards were purchased from (Sigma Chemical Co, St Louis, MO, USA). Tri-carboxylic acetic acid (TCA), Folin-Ciocalteau (FC) reagent, Aluminium chloride, Potassium ferricyanide was obtained from (Merck Specialties Private Limited, Dr. Annie Besant Road, Worli, Mumbai, India). DPPH was obtained from (Sigma Chemical Co, St Louis, MO, USA). DMEM medium for cell culture assays were purchased from (Gibco Invitrogen, USA). Cell lines were procured from National Centre for Cell Science (NCCS) Pune, Maharashtra, India. Remaining solvents and chemicals were of analytical grade and obtained from (Sisco Research Laboratories Pvt Ltd, Navketan Ind., M.C.Rd, Andheri (E), Mumbai, India).
Plant material
Seeds of B. alba and Basella rubra were obtained from (National Seeds Corporation, Government of India, Kolkata, West Bengal). Seeds (50 grams) of both of the plants were washed and soaked overnight in water at Room temperature (RT). Next day, the soaked seeds were sown in germination boxes (15 cm 9 12 cm) filled with loamy soil, and sprinkled with water. The germination boxes were kept at RT, and the growth was observed. Seedlings (approx. 3 cm in length) on the 6th day were transplanted to field for cultivation. Seedlings at two leaf stage were exposed to sunlight for 3-4 h on the first day of transplantation. They were sowed 5 cm apart from each other in a row. Plant maturity is achieved (40-50 days) post germination. The plants were grown during the months of February-May.
(http://iitkgp.vlab.co.in/?sub=79&brch= 262&sim=1299&cnt=4)
Extraction
Adult stems of B alba and B. rubra were collected, washed, air dried in sunlight. Fresh weight of the stem was calculated (gram/dry weight). Stems were cut into small pieces and immediately crushed under liquid nitrogen in a mortar and pestle. The powder was stored in a plastic container and kept at 4°C. The powdered form of stem (200 g) was weighed and dissolved in water and aqueous methanol. The extraction was carried out at room temperature (37°C) for 24 h in a shaker. Further all the extracts were filtered through 4 layers of cheese cloth. The filtered extracts were further treated with chloroform, n-hexane, to remove lipids and insoluble particles. The obtained filtrate was evaporated to dryness using a lyophilizer. Further, the extracts were kept in liquid form with respective solvents and were stored at 4°C until use. The yield was calculated for both the water and aqueous methanol extracts. The yield of the water extract was found to be slightly higher than methanol extracts. Further the qualitative analysis revealed the same number of compounds in the plant extracts of both the solvents.
Analysis of the phenolic content and flavonoid content in Basella sps extracts
The phenolic content of the plant samples was determined using the Folin-Ciocalteu (FC) assay with some modifications (Siddhuraju and Becker 2003) . Briefly, aliquots (100 ll) of the crude extracts of different concentrations (10, 20, 30, 40 and 50 lg/ml) were prepared. Then the samples were adjusted to a final volume of 1 ml with water and then mixed with 0.5 ml of freshly prepared FC reagent diluted with water (1:1, v/v). The mixtures were vortexed and allowed to react for 5 min. Then 2.5 ml of 20% sodium carbonate in water (w/v), mixed and kept for incubation. After 40 min of incubation in the dark, the absorbance was measured at 725 nm. Water was used as a blank and the results were expressed as mg of Gallic acid equivalents (GAE) per gram of dry weight of the extract.
Flavonoids content was determined for the plant samples with slight modifications (Zhishen et al. 1999) . 0.5 ml of each plant extract was taken and 0.5 ml of water, and 0.15 ml of 5% NaNO 2 was added and vortexed. After 5 min, 0.15 ml of 10% AlCl 3 was added to the solution and vortexed. At 6 min, 1 ml of 1 M NaOH was added to the mixture, and finally, the total volume of the solution was made to 3 ml with water. Absorbance of the samples was read at 510 nm and the results were expressed as mg of Quercetin per gram of the dry weight.
Antioxidant assays
The radical scavenging activity of the plant extracts against the DPPH radical was performed in methanol with slight modifications (Brand-Williams et al. 1995) . For the assay in methanol, an aliquot (1 ml) of the plant extract at different concentrations (50, 100, 200, 300 and 400 lg/ml) were prepared and added to 1 ml of DPPH in methanol (0.1 mM) and kept in the dark conditions for 30 min. The absorbance was measured at 517 nm. Ascorbic acid was used as the standard. The percentage inhibition was calculated using the formula:
The reducing power of the samples was analyzed by the reduction of Fe 3? to Fe 2? for the ferricyanide method with slight modifications (Oyaizu 1986 ). For the method, reaction mixtures (1.2 ml) containing various concentrations of 0.2 ml of ascorbic acid (10-100 lM) and 0.2 ml of plant extract (15-90 lg/ml) 1), 0.5 ml of 0.1 M phosphate buffer (pH 6.6) and 0.5 ml of (1% w/v) potassium ferricyanide were incubated for 20 min at 50°C in a water bath. After incubation, the resulting reaction mixture was cooled and mixed with 0.5 ml of (10% w/v) TCA and 0.2 ml of (0.1% w/v) FeCl 3 for 10 min. The absorbance of the final solution was measured at 700 nm.
LC-MS
The HPLC system (CBM-20 A lite, Shimadzu, Japan) consisted of a binary pump (LC-20AD), autosampler (SIL-20A), oven (CTO-20A), fraction collector (FRC-10A) and UV-Vis detector (SPD-20A). Reversed phase HPLC separation was carried out using a C18 column (250 9 4.6 mm) at room temperature. The mobile phase components were 5% acetonitrile (A) and 95% acetonitrile (B), both containing 0.1% TFA. The flow rate was set at 1.0 ml/minute. The mobile phase gradient was set in the following order:-B conc 10% (0-3 min), 22% (3.01-6 min), 35% (6.01-9 min), 48% (9.01-13 min), 60% (13.01-17 min), 73% (17.01-21 min), 85% (21.01-24 min), 95% (24.01-27 min), 100% (27.01-30 min), and 10% (30.01-35 min). All the phenolic and flavonoid standards were weighed for 1 mg/ml and dissolved either in 100% or 80% methanol, 100% ethanol and 95% acetonitrile depending on their solubility. The injection volume of the standard compounds and plant sample was 15 ll. The detection wavelength for all the standards and plant extracts were set at 254, 280 and 330 nm.
Electrospray ionization Mass Spectrometry (ESI-MS) was performed using Waters 2695 separation module coupled with Quattromicro TM API mass spectrometer (Waters, Milford, MA, USA). Data acquisition and analysis were carried out in waters MASS LYNX 4.1 software (Waters). The mass spectrometer was run in positive and negative ionization mode to acquire spectra in the range of 50-1000 m/z with the following parameters: capillary voltage, 3.0 kV; cone voltage, 30 V; and extractor, 3 V. Source temperature was 130°C, desolvation, and cone gas flow rates were 450 and 80 l h -1 respectively. The scan time was 0.5 s and inter scan delay time was set as 0.1 s.
Cell culture and MTT assay
Cytotoxicity of the plant extracts was determined against human cancer cells using epidermoid carcinoma (A431) liver hepatocellular carcinoma (HEPG2) and osteosarcoma (MG63). The cell lines were grown in Dulbecco's Modified Eagle Medium (DMEM) supplemented with 10% of fetal bovine serum (FBS) and 1% of the penicillin-streptomycin solution. In-vitro cytotoxicity of the plant extracts was determined by cell viability study with the MTT reduction assay. Briefly, 5 9 10 4 cells per well were seeded into 96 well microtiter plate. Plates were incubated for 24 h at 37°C with 5% CO2 and 95% relative humidity. The present culture media was removed, and fresh media was added after 24 h of seeding. Plant extracts were added at specific concentrations (2-10 mg/ml) to culture media in triplicates and re-incubated under same conditions mentioned above. Then culture media was removed from the plates, and 100 ll of freshly prepared MTT solution (0.5 mg/ml in media) was added to each well and incubated for 2 h. After that, 100 ll of DMSO solution was added under dark conditions and kept for 15 min at the room temperature. The absorbance of the formazan product was recorded at 595 nm in a microplate reader (Perkin Elmer, Waltham, MS, USA). The percentage viability of the cell was calculated by using the formula:
In-vivo CAM assay
The in vivo CAM assay was performed for the plant samples with slight modifications (Brooks et al. 1999) . Fertilized duck eggs (0 days old) were procured from Midnapore poultry farm, West Bengal, India. They were cleaned and surface sterilized using 70% alcohol and then kept in an incubator under a humidified condition at 37°C. 9 days old eggs were candled at blunt end to identify the air sac and to assure the existence of embryonic blood vessels.
Then a small window was carefully created on the broader side of the egg. B. alba and B. rubra stem extract sample diluted in PBS (50 ll containing 7000 lg/egg) was then applied on a sterilized filter paper discs and allowed to dry at room temperature. After complete drying, discs were placed onto chorioallantoic membrane (CAM) of the egg. Windows were sealed with a permeable clear tape and eggs were further incubated for another 72 h (12th day). After that, CAM was photographed using a digital camera (Nikon Coolpix).
Statistical analysis
All experiments were carried out in triplicates (n = 3) and expressed as a mean ± standard deviation. The data were correlated using Pearson correlation coefficient at p \ 0.05. The IC 50 values were calculated using linear regression analysis.
Results and discussion
B. alba stem extracts show greater extractible yield of phenolics and flavonoids
The water extract of B. alba stem showed highest extraction yield (24%) compared to B. rubra stem (21%). The total phenolic content of B. alba and B. rubra in the present study was found to be 153.84 ± 19.23 and 134.61 ± 11.77 respectively in terms of Gallic acid equivalents (GAE)/g of dry weight. Compared to the earlier reports of (Kumar et al. 2015a, b, c; Olajire and Azeez 2011) higher phenolic content and greater value per gram of the dry weight of the extract was observed in this study. The flavonoid content was evaluated in terms of Quercetin/g of dry weight for B. alba and B. rubra and the values was found to be 115.64 ± 9.86 and 74.82 ± 11.77. The results clearly indicate substantial amounts of phenolics and flavonoids accumulation in these plant extracts. The higher amount of phenolic and flavonoid content in B. alba may be useful in fortification for exploring beneficial health effects.
Hydroxycinnamic acids, hydroxybenzoic acids and diosmetin accumulate in Basella sps
As shown in Fig. 1a and b, a total of five and six compound peaks have been detected in the stem extracts of both the plant species by HPLC. All the samples and standard compounds were injected and analyzed in triplicates to confirm the retention time of the isolated compound peaks in the HPLC chromatogram. The amount of individual separated phenolic compounds by HPLC is presented in Table 1 . A higher concentration of p-Coumaric and caffeic acid than other phenolic compounds was observed in the aqueous extracts of Basella species. LC-MS provides rapid identification of bioactive constituents in plant samples through efficient separation capabilities of HPLC and exact structural characterization by MS simultaneously (Kumar 2017 ). This method not only provides molecular mass of different constituents with different m/z values but can also differentiate the nature of those compounds by the position of functional groups present in them.
The evaluation of structural-functional relationships is essential to determine the biological effects exhibited by the bioactive compounds and to understand their mechanisms. These effects are generally due to the structural complexity (i.e. number and positioning of hydroxyl groups) of the phenolic compounds. Therefore, the potency of an individual bioactive compound can be altered by the modification of their functional groups for enhanced activity (Razzaghi-Asl et al. 2013 ). The present study reveals a range of phenolic acids in B. alba and B. rubra stem extracts identified for the first time by LC-MS. The simple phenolics of the phenylpropanoid pathway are important precursors for several complex structures that arise later in the branched pathways. These are also very reactive molecules. Their reactivity as individual as well as in the grouped state has been demonstrated in some systems. The structural change in compounds has been shown to increase or decrease the bioactivity of the initial phenolic acids (Piazzon et al. 2012 ). Hydroxy-cinnamic acids (HCAs) exhibits higher antioxidant activity than hydroxybenzoic acids (HBAs) due to the presence of CH=CH-COOH group which ensures greater hydrogen donating ability and radical stabilizing ability (Balasundram et al. 2006) .
The analysis of phenolic acids is done in both ESI positive and negative ion modes. But based on the results of the present study, negative ionization was found to be more sensitive for the detection of these compounds. Three phenolic acids were tentatively identified and characterized for the first time in B. alba stem extract by LC-ESI-MS in both ESI (?ve) and ESI (-ve) mode are shown in Fig. 2a , b. ESI mode was preferred because it is favourable for the compounds eluting at polar phase. The identification was done based on the comparison of mass spectra of compounds characterized from plant samples with those of authentic standards. The identification of these led to their allocation in two structurally related groups, i.e., hydroxybenzoic acids and hydroxy-cinnamic acids. Salicylic acid (Fig. 2a) was identified based on the characteristic product ion at m/z 137 ([salicylic acid-H] -). The same spectrum with m/z 169.10 was identified as gallic acid after comparing its retention time, UV spectra and mass spectra with those of standard compounds. Both these compounds were identified in negative ionization. Ferulic acid (Fig. 2b) with characteristic product ion was observed at m/z 195 [M?H] ? . For all these identified compounds no fragment peaks were observed based on literature review. The phenolic acids tentatively identified by our LC-ESI-MS analysis are in agreement with reports from other plant species (Bertin et al. 2014; Ostrowski et al. 2014; Biswas and Roymon 2013) as there are no reports available on ESI-MS analysis of phenolic compounds from Basella.
A total of five phenolic acids were tentatively identified in B. rubra stem extract represented in Fig. 3a -d m/z value of 179.12 (Fig. 3a) corresponds to Caffeic acid (Khanam et al. 2012) . Further, the characteristic fragment ion of m/z 161.0 was observed due to the loss of water molecule [M-
-. The same spectrum with compound peak at m/z 121.1 was identified as 4-hydroxy benzaldehyde which is a simple phenolic acid (Santi and Dipjyoti 2013) . Hydroxybenzaldehydes are regarded as an important group of natural products with good medicinal value and are of great (Fig. 3b) was tentatively identified as the p-Coumaric acid in agreement with the reported literature (Stintzing et al. 2004 ). The parent ion [M-H] -at m/z 325.1 (Fig. 3c) Figure 3d shows two compound peaks which was identified in ESI (?ve mode) corresponds to trans-cinnamic acid whose parent ion [M?H] ? was observed at m/z 149.3 (Slavin and Lloyd 2012) The only flavonoid to be tentatively identified from B. rubra stem was diosmetin, a O-methylated flavone whose m/z value was observed at 301.4 (Habib et al. 2017) . This is the first study confirming the presence of methoxy flavones in Basella species. The identification of methylated flavones (Diosmetin) in this study is a novel finding.
Both species of Basella possess good radical scavenging activity
The present study reports good radical scavenging activity in case of B. alba and B. rubra as compared to that reported by (Kumar et al. 2015a, b, c; Olajire and Azeez 2011) . The percent inhibition of the extracts was calculated in the concentration range of (50-400 lg/ml). The results revealed a % inhibition value of 43.01 ± 5.47 and 34.48 ± 2.84 for B. alba and B. rubra stem extracts respectively. The higher content of phenolics and flavonoids in Basella stem extracts might be contributing to the free radical scavenging ability.
The reducing power of a biochemical compound is an important parameter to evaluate its antioxidant activity. The presence of antioxidants in the extract causes reduction of ferric form to its ferrous form which results in the change of the yellow colour of the reaction mixture to Prussian blue (Kumar et al. 2015a, b, c) .
Basella alba and Basella rubra tested extracts showed higher reducing activity with increasing concentration. The reducing capacity of B. alba was found to be slightly higher than B. rubra. A single study on B. rubra fruits reported moderate reducing capacity of the water and methanol extracts at 25 mg/ml (Kumar et al. 2015a, b, c) .
Our plant extracts showed lesser absorbance values than the reference standard (Ascorbic acid). The results obtained from the antioxidant assays reveal that these plant extracts have the capability to act as good electron donors and can terminate the free radical chain reactions.
Anti-proliferative activity of Basella stem extracts
The extracts of B. alba and B. rubra against A431, Hep G2 and MG63 cell lines in a concentration-dependent manner (2-10 mg/ml). B. alba exhibited higher activity in these three cancer cell lines (IC 50 = 3.66 ± 0.17 mg/ml for A431, 7.22 ± 0.13 mg/ml for HepG2, and 6.61 ± 0.01 mg/ml for MG63 cells) and revealed significantly higher growth inhibitory activity than the B. rubra (IC 50 = 6.87 ± 0.15 mg/ml for A431, 7.67 ± 0.13 mg/ml for HepG2 and 7.31 ± 0.023 mg/ml for MG63). B. alba extract inhibited cell proliferation of epidermoid carcinoma (A431) cells from 37.95% at 2 mg/ml to 84.86% at 10 mg/ ml, displaying a concentration-dependent tendency. The cytotoxic activity of both of the plant species was found almost similar for HepG2 cells. B. alba showed slightly higher growth inhibitory activity against MG63 cells.
For the first time, potential growth inhibitory activity of this species has been shown against epidermoid carcinoma, osteosarcoma, and liver hepatocellular carcinoma cell lines. The present study demonstrates more potent cytotoxic activity of Basella species at lesser concentrations. Some studies report the potential anti-cancer properties of ferulic acid, gallic acid, salicylic acid, caffeic acid and cinnamic acid has been found as potent anticancer agents (Anatharaju et al. 2016) . It is possible that the phenolics present in Basella sps extracts may be contributing to the anti-proliferative activity.
Basella sps stem extracts show anti-angiogenic activity
Angiogenesis is the formation of new blood vessels from existing vasculature (Tai-Ping et al. 2006) . Angiogenesis is a critical step in tumor growth, invasion, and metastasis and its inhibition is a promising strategy for cancer treatment (Shenbhagaraman et al. 2012) .
The experiment was carried out to determine the effects of Basella extracts on the vascular density index of the 12 day eggs. The CAM model has certain advantages over other methods and is useful to observe changes in the ongoing process and provides easy manipulation of dose levels of the samples used (Chun-Hua et al. 2016 ). The CAM results indicated that the stem extracts of B. alba and B. rubra has suppressed angiogenesis on CAM (Fig. 4d) . The results reveal that the plant extracts at dose level of 7 mg/ml has significantly reduced the number of vessels development compared with the control (PBS-treated group). Hence, we may conclude that aqueous stem extract of B. alba and B. rubra can be used as easily accessible sources of natural antioxidants for potential preventative therapies against cancer and angiogenesis-related diseases.
Conclusion
Stems of B. alba and B. rubra were investigated for its phenolic compounds accumulation, mainly focussing on antioxidant activity, secondary metabolites profiling, antiproliferative and anti-angiogenic activity. The present study demonstrates good amount of phenolics and flavonoids accumulation through quantitative analysis in both the solvents used for Basella species. Further the antioxidant activity of the aqueous plant samples observed in both the plant species is possibly due to these phenolic compounds. Qualitative analysis revealed the presence of a flavone, hydroxy-benzoic and hydroxy-cinnamic acids. This study further demonstrates anti-proliferative as well as anti-angiogenic activity of Basella sps extracts. Extracts from both the plant species used exhibited anti-proliferative activity against A431, MG 63 and Hep G2 cell lines for the first time. Angiogenesis inhibition suppresses tumor growth, progression and metastasis. The identification of dietary sources of anti-angiogenic molecules is a step towards development of potential nutraceuticals for reducing cancer risk. The biological activity of methylated flavonoids such as antiviral, anti-inflammatory properties and prevention of cell damage have been studied in some plant systems. Further studies on inhibitory activity of the extracts on certain enzymes will reveal further insights into the cancer pathway. The findings in the study provide an additional rationale for the traditional uses of the plants and the potential of identified compounds from Basella species to be used in food and pharmaceutical industries.
